The difference in interposition ratio of pink muscle fiber among various fish species was studied to learn its influence in dorsal ordinary muscle on the post-mortem change of K-value. A remarkable mosaic pattern was exhibited in the interpositioned white and pink muscle fibers in many of the species. The relative number and area percentages of these fibers to all muscle fiber types differed greatly among fish species, and distributed from 12.9% to 56.53% in a number, and from 2.22% to 53.68% in an area. The relationship between the area and numerical percentages had significantly high positive correlation. Size of the pink muscle fiber was somewhat smaller than that of white muscle fiber.
Organization of the dorsal skeletal muscle in fish is arranged in three distinct layers of dark muscle, intermediate muscle, and ordinary muscle. Each of these is organized in a single muscle fiber type as follows: red muscle fibers (Type I), pink muscle fibers, and the white muscle fibers (Type II), respectively (Johnston et al., 1974; Gill et al., 1982; Carpene et al., 1982; Hoyle et al., 1986) . The red muscle fiber is small in diameter and relies on an aerobic form of metabolism, while the white muscle fiber has a large diameter and operates principally by anaerobic glycolysis. Functionally, the former is implicated in sustained slow swimming and the latter is in bursts of violent activity (Matsuoka & Iwai, 1984) . The white muscle fibers are subdivided into Types IIa and IIb, the IIa subtype being used not only for anaerobic metabolism but also for aerobic metabolism, and the IIb subtype especially for anaerobic metabolism in response to typical escape and attack movement; the pink muscle fiber is more particularly for aerobic metabolism than the IIa subtype (Jabarsyah et al., 1999a) . The pink muscle fiber is characterized as fast contracting with intermediate resistance to fatigue and intermediate speed of shortening between red and white muscle fibers (Johnston et al., 1977) . Most histochemical studies in fish muscle have involved these distinct layers, and only a few studies have dealt with the differences in fiber types in ordinary muscle among various fishes. Korneliussen et al. (1978) and Walesby and Johnston (1980) reported that a boundary region between the layers of intermediate muscle and ordinary muscle was not remarkable in the cod Gadus morhua, and that the Antarctic toleost Notothenia rosii had no pink muscle fiber in its locomotory muscles. In our previous study, we reported that there were not only white muscle fibers but also pink muscle fibers in the dorsal ordinary muscle of many fish species, and that the fiber type in this muscle was differed remarkably among species, between wild and cultured fish of the same species, and among regions along the length of the body and toward the neural spine (Jabarsyah et al., 1999a) .
We also reported that the presence of pink muscle fiber in the ordinary muscle raised the maximum level in rigor mortis in various species (Jabarsyah et al., 1999b) , and accelerated the temporal change of K-value (one of the freshness indices) in the carp (Yada et al., 2000) . However, the influence of muscle fiber type on the temporal change of K-value, especially by the presence or absence of pink muscle fiber in the ordinary muscle has not yet been examined thoroughly. In the present study, we attempted to identify the difference in the interposition ratio of this fiber in the dorsal ordinary muscle.
Materials and Methods
Sample fish The twenty-seven fish species used as samples in this study are shown in Table 1 . They were collected by fishing from the sea adjacent to the Sakishima Islands in Okinawa prefecture at a habitat temperature of 28˚C, and from the sea adjacent to Nagasaki prefecture at a habitat temperature of 17˚C during the summer season. The only exception was one cultured species, red sea bream, which was purchased from a local fish farmer in Nagasaki prefecture during the same season. All sample fishes were transferred to the laboratory alive and held in a FRP tank with water similar to their habitat temperatures.
Histological preparation The fish were killed by cutting the hindbrain after anesthetizing them in seawater containing 100 ppm MS-222. Immediately after killing, several muscle blocks (5 mm¥5 mm¥5 mm) were cut off from the dorsal ordinary muscle underneath the lateral line near the mid-section of the fish's body length. The tissues were mounted on a cryostat chunk and embedded in a commercial mounting medium. They were frozen immediately for 10-15 s by immersion in isopentane, which was *To whom correspondence should be addressed. E-mail: orenge@net.nagasaki-u.ac.jp cooled to its melting point (-165˚C) with liquid nitrogen, then placed in a refrigerated cryostat cabinet at -25˚C for 1 h. Serial cross sections were then cut at a thickness of about 10 m, mounted on glass cover slips and dried at room temperature.
Preincubation procedure The preincubation procedure of cross sections was carried out according to the method modified by Guth and Samaha (1969) , which is commonly used in mammalian studies involving the discrimination of muscle fiber types in skeletal muscle. The method used most frequently to distinguish among muscle fiber types in mammalians is dependent on the histochemical actomyosin ATPase activity. By exposing frozen sections to acid or alkaline preincubation before staining for ATPase, it can be shown that the high-ATPase fibers (Type II) are alkali-stabile and acid-labile, whereas low-ATPase fibers (Type I) are acid-stabile and alkali-labile (Guth & Samaha, 1969) . In addition, the fibers having high-ATPase activity (Type II) could be further subdivided into Types IIa and IIb. Brooke and Kaiser (1970) reported that two subtypes of Type II muscle fibers in adult humans could be distinguished successfully on the basis of the acid stability of actomyosin ATPase activity.
A series of seven cross sections was preincubated at each of various pH within the range of pH 4.20-pH 4.80 and 15˚C for 0, 0.5, 1.0, 1.5, 2.0, 3.0, and 4.0 min in an acid preincubation solution of 0.1 M potassium acetate buffer containing 18 mM CaCl 2 . Another series of seven cross sections was preincubated at each of various pH within the range of pH 10.35-pH 10. 80 and 20˚C for 0, 5, 10, 15, 20, 25 , and 30 min in an alkaline preincubation solution of 0.1 M 2-amino-2-methyl-1-propernol (AMPro) buffer containing 18 mM CaCl 2 . This procedure involves selective inhibition of muscle fiber types by preincubation under either an acid or alkaline condition. If the pH of acid preincubation was lower or higher than the pH suitable for the same preincubation times, the actomyosin ATPase activities of muscle fiber types were completely activated or inactivated, and could not be distinguished. The pH inactivation of the ATPase activity was critically dependent on the pH of solution and also on the length of time for which the preincubation was carried out. Small variations in either pH or period made a great difference in the staining pattern of actomyosin ATPase. These two variations (preincubation pH and times) were interdependent. Therefore, we examined the combination of pH and time in all samples, and determined the most suitable condition.
After preincubation under acid and alkaline conditions, the sections were rinsed with 0.1 M AMPro buffer (pH 9.4) containing 18 mM CaCl 2 and 50 mM KCl.
Staining procedure The two previous series of rinsed cross sections were reacted at 20˚C for 20 min in a medium of 0.1 M AMPro buffer (pH 9.40) containing 18 mM CaCl 2 , 50 mM KCl, and 3.1 mM ATP, according to the method described by Guth and Samaha (1969) . The reacted sections were rinsed with distilled water and immersed in 1% CaCl 2 for 3 min, then immersed in 2% CoCl 2 for 3 min. Finally, the production of phosphate from ATP under the remaining activity of actomyosin ATPase was displaced as cobaltous sulfide using 1% (NH 4 ) 2 S x .
Estimation of number and area percentage of pink muscle fibers in dorsal ordinary muscle The relative values (%) of number and area of pink muscle fibers to all muscle fiber types in the dorsal ordinary muscle were estimated using enlarged photographs of the alkaline preincubated section. The area percentage was measured by a tracing device linked to a digital computer (FLOVEL, measure unit MC 300, FLOVEL Co., Ltd., Tokyo).
Results
Muscle fiber types in dorsal ordinary muscle The opti- mum combination of pH and time for the discrimination of muscle fiber types was examined under both acid and alkaline preincubations for all sample fish species. Photographs of the staining results after both preincubations under optimum conditions are shown in Fig. 1 . The results in all sample fish species are classified according to the composition of muscle fiber type in Table 2 .
In the drab large-eye bream (code no. 104), all muscle fibers were stained very weakly at the same intensity both after acid preincubation at pH 4.50 and 1.5 min and after alkaline preincubation at pH 10.40 and 15 min. Therefore, the ordinary muscle of this fish species was composed of only the IIa or IIb-like subtype of white muscle. This same composition of muscle fiber types was not observed in other sample species. In the threestriped tigerfish (code no. 112), the muscle fibers exhibited a remarkable mosaic pattern after acid preincubation at Fig. 1 . Discrimination of muscle fiber types in dorsal ordinary muscle by stability of actomyosin ATPase activity after acid and alkaline preincubations for four fish species. The W-IIa, W-IIb, and P in photographs denote IIa-like subtype of white muscle, IIb-like subtype of white muscle, and pink muscle, respectively. pH 4.50 and 1.5 min. Some fibers of similar size were stained strongly and observed among the unstained fibers. However, these were unstained in the same way as other muscle fibers after alkaline preincubation. They were therefore determined to belong to the IIb-like subtype of white muscle, and the ordinary muscle in this fish species was composed of IIa and IIb-like subtypes of white muscle. The mosaic appearance after only acid preincubation was also seen in two fish species (code nos. 208 and 210) from Nagasaki as shown in Table 2 .
In the blue and yellow snapper (code no. 106), the actomyosin ATPase activity remained on some muscle fibers not only after acid preincubation but also after alkaline preincubation, and the distinguishable mosaic pattern in these fibers was observed at both preincubations; all muscle fibers of acid stable actomyosin ATPase were also stable at alkaline preincubation. Therefore, the ordinary muscle in this fish species was composed of IIa or IIblike subtype of white muscle and pink muscle. The same composition of muscle fiber types was observed in nine fish species (code nos. 103, 105, 106, 107, 108, 209, 212, 213, and 214 ) from the Sakishima Islands and Nagasaki. However, the relative values of number and area of pink muscle fibers in all muscle fiber types exhibited a considerably different tendency among these species.
In the bambooleaf wrasse (code no. 204), the muscle fibers exhibited a remarkable mosaic pattern after both acid and alkaline preincubations, the same as the foregoing fish species. Although some fibers retained actomyosin ATPase activity after acid preincubation, these disappeared at an alkaline preincubation. Only much smaller muscle fibers were stained strongly after alkaline preincubation as well. Therefore, the ordinary muscle in this fish species was organized from IIa and IIb-like subtypes of white muscle and pink muscle. The composition of three muscle fiber types the same as this species was observed in five other species (code nos. 101, 102, 109, 110, and 111) from the Sakishima Islands and in nine species (code nos. 201, 202, 203, 204, 205, 206, 207, 211 , and 215) from Nagasaki. However, the rela- Fig. 2 . Comparison of number and area of pink muscle fibers in dorsal ordinary muscle among three fish species. Indications of W-IIa, W-IIb, and P in the photographs are the same as in Fig. 1 . tive values of number and area of pink muscle fibers showed a considerably different tendency among these fish species as well.
Number and area of pink muscle fiber in dorsal ordinary muscle The remarkable differences of number and area of pink muscle fibers among the species sampled are shown in Fig. 2 . The relative number among all muscle fiber types was more remarkably numerous in kingfish (code no. 101) and Pacific mackerel (code no. 209) than in round scad (code no. 202), while the relative area of these fibers to white muscle fibers was much smaller in the kingfish, but much larger in the Pacific mackerel, and similar in the round scad. Furthermore, the relative area of pink muscle fibers in the Pacific mackerel was larger than that in white muscle fibers. Thus, the relative number and area of these fibers to all muscle fiber types varied greatly among the sample fish species.
Relationship between area and number percentages of pink muscle fibers among all muscle fiber types The relationship between the area (x) and number (y) percentage values for the twenty-three fish species that interposed the pink muscle fiber is shown in Fig. 3 . The relationship between the two values exhibited a significantly higher positive correlation (r=0.804 and p<0.001) with the exception of the Pacific mackerel (code no. 209). Furthermore, the calculated regression line moved parallel at the upper position distant from the y=x line so that the values of both area and number are the same values. These results suggested that the size of pink muscle fiber in each species was somewhat smaller than that of white muscle fiber. However, the size in the Pacific mackerel (code no. 209) was farther below the y=x line, suggesting, contrarily that the pink muscle fiber was the larger. Moreover, in the round scad (code no. 202), it was distributed nearly at the y=x line, which suggested that the two fibers were very similar in size. Variola albimarginata (code no. 111), kingfish (code no. 101), and yellowstriped whiptail (code no. 108) were at positions above the calculated regression line, which suggested that the pink muscle fiber was remarkably smaller than the white muscle fiber.
Thus, the area percentage of pink muscle fibers against all muscle fiber types in the dorsal ordinary muscle differed greatly, and was much higher in the Pacific mackerel (code no. 209), the blue and yellow snapper (code no. 106), and the bambooleaf wrasse (code no. 204) within the range from 53.68% to 38.10%. Other fish species fell within the range from 2.22% in the footballer (code no. 207) to 21.69% in the scribbled tody (code no. 215). The numerical percentage of pink muscle fibers was from 12.90% in the horse mackerel (code no. 203) and the footballer (code no. 207) to 56.53% in the blue and yellow snapper (code no. 106).
Discussion
The pink muscle fiber is recognized in the dorsal ordinary muscle of many fish species and exhibits a mosaic pattern among the white muscle fibers (Figs. 1 and 2) . Findings similar to this have been reported in the grey mullet by Carpene et al. (1982) , the cod by Korneliussen et al. (1978) , the roach by Kilarski (1990) , and a number of fish species by both Mosse & Hudson (1977), and our own previous studies (Jabarsyah et al., 1999a (Jabarsyah et al., , 1999b . The present study clarified that the number and area percentages of pink muscle fibers against all kinds of muscle fiber types in the dorsal ordinary muscle were considerably different among fish species, and fell within ranges of from 12.90% to 56.53% and from 2.22% to 53.68%, respectively (Fig. 3) . We further recognized there was no pink muscle fiber in dorsal ordinary muscles in four of the species we sampled (Table 2 and Fig.  1 ). These differences were not caused by the difference of habitat temperature (Table 2 and Fig. 3 ), but the causative factors are still unknown. We speculate that it may be connected with not only a difference in genes but also swimming ability, because the muscle fiber type in the dorsal ordinary muscle differed between the cultured and wild specimens of the red sea bream (Jabarsyah et al., 1999a) , and metabolism is more aerobic in pink than in white muscle fiber. We reported in previous studies that the histochemical actomyosin ATPase activity of pink muscle fibers in the mosaic pattern of ordinary muscle was very stable in both acid and alkaline preincubations, which was similar to that of these fibers in the intermediate part of the muscle (Jabarsyah et al., 1999a) , and also that the glycogen content in the pink muscle fibers in ordinary muscles was considerably higher, which was also similar to that in the intermediate part of the muscle (Yada et al., 2000) . Namely, the histochemical characteristics of pink muscle fibers in both ordinary and intermediate muscles were very similar. The same findings were reported in the rainbow trout (Johnston et al., 1975) , and we reported that the temporal change of K-value in the dorsal ordinary muscle of carp was accelerated by the interposition of pink muscle fibers (Yada et al., 2000) . It was therefore thought that the interposition of pink muscle fibers into the ordinary muscle might cause a temporal change in K-value (one item of the freshness index), which might be explain the difference in the increasing K-value rate among fish species.
